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Abstract 
 
Core SA03-1 from the southern Adriatic Sea (EC-EUROSTRATAFORM project) provides 
new information about climate changes and palaeocirculation in the Adriatic region during the last 
deglaciation. In this work we present the results of an integrated study based on pollen and 
foraminifera records of the part of the core spanning the late Pleistocene-early Holocene transition 
(including the late Younger Dryas, the Preboreal and the beginning of the Boreal). First, we 
document the major vegetation changes and the short-term oscillations occurred during the Early 
Holocene warming in the southern Adriatic basin on the basis of a high resolution pollen record. 
Second, we correlate these vegetation changes to short-term oscillations detected in the foraminifera 
record during the same interval. The two independent terrestrial and marine proxies indicate at least 
three short-term cold and dry oscillations occurring at 11.2-11, 10.8-10.4 and 10 cal kyr BP, 
according to the age-depth model adopted in this study. Finally, adopting an event-stratigraphy 
approach, the comparison of our results with two western Mediterranean records of Preboreal short-
term oscillations suggests the occurrence of  synchronous bio-events in the Mediterranean basin.  
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1. Introduction 
 
Pollen records well document the Younger Dryas and the Boreal-Atlantic chronozones both 
in marine (Rossignol-Strick and Planchais, 1989; Rossignol-Strick et al., 1992; Rossignol-Strick, 
1995; Lowe et al., 1996;  Zonneveld, 1996; Asioli et al., 2001; Russo Ermolli and di Pasquale, 
2002) and on lake cores (Bertolani Marchetti et al., 1984; Pons and Reille, 1988; Watts et al., 1996; 
Eastwood et al. 1999; Magri, 1999; Magri and Sadori, 1999; Jalut et al., 2000; Ramrath et al., 2000; 
Smidth et al., 2000; Sadori and Narcisi, 2001; Mercuri et al., 2002; Lawson et al., 2004; Giardini, 
2006; Dreschner-Schneider et al., 2007; Perez-Obiol and Sadori, 2007) within the Mediterranean 
region. The vegetation within the Mediterranean Europe changes, from the Younger Dryas semi-
desert to the Holocene mixed deciduous and Mediterranean forests, through the Preboreal (10-9 kyr 
BP, according to the 14C ages of the North European scheme proposed by Mangerud et al., 1974 for 
the Pre-Boreal Chronozone). However, most of the cores mentioned above, and especially the 
marine ones, record so rapid shifts in pollen content within the Preboreal that they do not allow 
detection of consistent responses to short-term climatic fluctuations, particularly the Preboreal 
oscillation (PBO). This is partly caused also by the low sediment accumulation rates during this 
interval, the presence of hiatuses or the low resolution sampling.  The occurrence of an early 
Preboreal climatic cold oscillation in lacustrine and glacial records from northwest Europe, Iceland 
and Greenland is reviewed and documented by Bjorck et al. (1997), despite the often subtle 
response of the proxy records to this oscillation, in combination with its short duration (11 300–11 
150 calendar yr BP). Bjorck et al. (1997) interpreted this Preboreal oscillation as an effect of 
increased freshwater forcing on the thermohaline circulation in the Nordic Seas, which may 
temporarily have pushed the Polar Front further south. During this interval the vegetation response 
to the PBO is highly variable throughout north-western and central Europe. In the Mediterranean 
marine record high resolution pollen studies of the Preboreal interval are nearly absent. Cacho et al. 
(2001) and Sbaffi et al. (2001) presented detailed records for the this interval from the western 
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Mediterranean (Alboran Sea and Tyrrhenian Sea, respectively), although the Preboreal oscillations 
are defined only by means of δ18O planktic foraminifera and alkenones records.   
To get new information about climate change and palaeocirculation in the Adriatic region 
during the last 125 kyr, we study cores collected in the southern Adriatic Sea as part of the EC- 
project EUROSTRATAFORM (Minisini et al., 2006; Verdicchio and Trincardi, 2006; Verdicchio 
et al., 2007). In this work we present the results of an integrated high-resolution study based on 
pollen and foraminifera analyses through the late Pleistocene-Holocene transition in core SA03-1, 
retrieved from a rapidly deposited contourite drift (Verdicchio et al., 2007). The sequence between 
575 and 450 cm below sea floor in core SA03-1, represents one of the highest resolution pollen and 
foraminifera records of the Preboreal in the Mediterranean area. In this paper, first, we document 
the major vegetation changes and the short-term oscillations detected in the pollen and foraminifera 
records during the investigated interval. Then, we compare the sequence of palaeoclimatic events 
obtained in our core with the western Mediterranean paleotemperature records (alkenones) by 
Cacho et al. (2001) and Sbaffi et al. (2001). 
 
2. Study area 
 
Core SA03-1 was raised from the lee side of a sediment drift in 567 m water depth on the 
western flank of the southern Adriatic Basin (Lat. 41°30.25’N, Long. 17°10.77’E) (Fig. 1). This 
area is at present impacted by bottom-currents that generate fine-grained large scale contourite 
drifts, sediment waves and associated erosional features (e.g. furrows, scours, comet marks; 
Verdicchio and Trincardi, 2006; Trincardi et al., 2007; Verdicchio et al., 2007). These features are 
in equilibrium with the present day oceanographic regime, characterised by the interaction of two 
water masses (Verdicchio and Trincardi, 2006): the North Adriatic Dense Water (NAdDW) formed 
in the shallow north Adriatic shelf, flowing southward and cascading episodically off the shelf, and 
the Modified Levantine Intermediate Water (MLIW) produced in the Eastern Mediterranean and 
 4
Favaretto, S., A. Asioli, A. Miola, A. Piva.2008. Preboreal climatic oscillations recorded by pollen and 
foraminifera in the Southern Adriatic Sea. Quaternary International, vol. 190, pp. 89-102. 
 
entering the southern Adriatic through the Otranto Strait (Lascaratos et al., 1999).  Core SA03-1 is 
13.87 m long (Minisini et al., 2006; Verdicchio et al., 2007) and grants high sedimentation rates 
also during the late Pleistocene-Holocene transition including the Preboreal, when a condensed 
sedimentary sequence is common in most marine records and reflects a rapid landward shift of the 
sediment sources, driven by the rapid post-glacial sea-level rise.   
Fig. 1 
3. Materials and methods 
 
3.1 Core description  
The core (Fig.2) is mainly composed of homogeneous grey mud with scattered organic 
matter, with some silty-mud intervals and a  thin bioclastic sandy layer at the core top. Some 
volcanoclastic layers are also present either at visual examination (up to centimetric thickness) or 
detectable at optical stereoscopic examination. At least some of the tephra layers are also detected 
as spikes by the magnetic susceptibility curve (Fig. 2). A change in colour, from light brownish 
grey to greenish grey clay, occurs at 451 cm along with an increase of organic matter, concentrated 
in millimetric levels.  
Fig. 2 
3.2 Pollen 
 Pollen analysis was carried out on 28 levels in core SA03-1 between 393 and 583 cm. The 
samples are 1 cm thick with a typical sampling interval of 5 cm (Fig. 2). A known amount of dry 
sediment (8 g on average) for each sample was chemically processed with the standard method 
(Faegri and Iversen, 1989): removal of calcium carbonate (HCl 37%), humic acids (boiling in 
NaOH 10%) and silica (cold HF 40% for 12 hours); sieving (Ø= 0.200 mm); acetolysis; sieving (Ø= 
0.01 mm); mounting in glycerine. Lycopodium spores were added to obtain estimates of 
palynomorph concentration per gram of dry sediment. 
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Pollen grains were identified according to Moore et al. (1991), Beug (2004), Reille (1992, 
1998) and the reference collection at the Laboratory of Palynology of the University of Padova. 
Nomenclature follows Moore et al. (1991). An attempt was made to distinguish Oleaceae, but as 
suggested by Sadori and Narcisi (2001), in the case of bad pollen preservation there is a possibility 
of misidentification between Fraxinus ornus and Phillyrea. Therefore our Fraxinus pollen type 
could include some Phillyrea grains. 
 Pollen preservation was generally bad. Three levels (573-574 cm, 543-544 cm, 509-510 
cm) do not exhibit preserved pollen. The percentage of undeterminable grains (broken saccates, 
crumpled/broken, degraded, pyrite-infilled grains or concealed by detritus, sensu Berglund and 
Ralska-Jasiewiczowa (1986)) exceeded 50% of the total pollen  (well preserved or determinable - 
excluding Pinus - plus undeterminable) in 16 levels out of 25 (Fig. 3). Pollen preservation improved 
at the top of the sequence, mainly because of the decreasing number of broken saccate grains. The 
concentration of broken saccate grains is higher at the bottom of the sequence than at the top. The 
concentration of well preserved Pinus pollen grains presents an opposite pattern (Fig. 3). This could 
be due to a different origin and/or taphonomy of  Pinus grains along the stratigraphic sequence. 
The dominant pollen type in the sequence is Pinus (mainly Pinus mugo/sylvestris). Pinus is 
usually over-represented in marine samples (Mudie et al., 2002) and it is often excluded from the 
pollen sum (e.g. Lowe et  al., 1996; Rossignol-Strick, 1995). Indeed in this sequence Pinus 
percentage is so high (mean value 50% of the pollen sum of all the determinable pollen grains) and 
so variable (Fig. 3) that its variability could overshadow minor changes of the other pollen taxa. 
Therefore pollen of Pinus have been excluded from the pollen sum. All determinable pollen types 
have been quantified therefore as percentages of the determinable pollen sum (PS) except for Pinus. 
The percentages of the undeterminable pollen  and of spores have been calculated on the basis of 
the PS plus undeterminable pollen or plus spores respectively.  
Fig. 3 
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In the poorest samples at the bottom of the sequence (583-450 cm), due to bad pollen 
preservation and low concentrations (mean concentration 700 grains/cc dry sediment; min 300-max 
1900) counting hardly reached a minimum pollen sum of ca. 200 grains, excluding undeterminable 
pollen and Pinus. In these levels non arboreal pollen prevailed (Fig. 4). Pollen were more 
concentrated in the samples from 450 cm to the top of the sequence (mean concentration 9700 
grains/cc dry sediment, min 5700- max 14 100), than in those at the bottom of the sequence. In 
these levels arboreal pollen dominate (Fig. 4). Total pollen sums are indicated for each level in the 
pollen diagrams in three forms: 1) Total determinable and undeterminable pollen without Pinus 
(“Total pollen” in Fig. 3); 2) Total determinable pollen with Pinus (“Determinable + Pinus” in Fig. 
3) and 3) Total determinable pollen without Pinus, (“Pollen sum” in Fig. 4 and PS in the text). 
The pollen diagrams (Figs. 3, 4 and 5) were drawn using TGView 2.02 (Grimm, 2004). 
Pollen zonation was defined on the basis of the visual inspection of the diagrams (Figs. 4 and 5) and 
confirmed using the unweighted least squares analysis of the main sum percentage data (Birks & 
Gordon 1985), as implemented in the program ZONE, version 1.2, written by Steve Juggins. 
 
3.3 Foraminifera 
  Foraminifera samples come from sediment slices (1 cm thick) taken every 10 cm and dried 
at 50°C, weighed, washed and sieved through a 0.063 mm mesh. All samples were examined for a 
semi-quantitative analysis to recognize the ecozones already established for the Adriatic (Asioli, 
1996; Asioli et al., 1999; Rohling et al., 1997; Capotondi et al., 1999; Fig. 2). On the basis of the 
eco-bio-stratigraphy of this core (Minisini et al., 2006), we selected for quantitative analysis the 
samples corresponding to the Preboreal interval along with samples above and below this interval, 
including the base of the Sapropel S1a and from the top of the Younger Dryas, respectively. The 
samples were split into aliquots using a Jones microsplitter; a number of aliquots was counted to 
reach a minimum of 300 planktic and 300 benthic foraminifers’ specimens. The counting was 
performed on the fraction >0.106 mm, to avoid juvenile specimens and, especially in tephra layers, 
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the finest terrigenous material. However, the fraction <0.106 mm was always checked to take into 
account specimens which can pass the mesh because of the elongated shape of their shell (such as 
Fursenkoina), or their small size even in the adult stage (such as Epistominella). All taxa are 
quantified as percentages of the total number of planktic and benthic foraminifera, respectively, 
while the concentration is reported as number of specimens per gram of dry sediment. Some 
planktic species or morphotypes are lumped together according to the following scheme: 
Globigerinoides ex gr. ruber includes Globigerinoides ruber and Globigerinoides elongatus; 
Orbulina includes both Orbulina universa and Orbulina suturalis; Globigerinoides sacculifer 
comprehends Globigerinoides trilobus, Globigerinoides sacculifer and Globigerinoides 
quadrilobatus (sensu Hemleben et al.,1989). 
 
3.4 Radiocarbon dates 
Considering the ecobiostratigraphy recognised on the basis of the planktic foraminifera 
(Minisini et al., 2006; Verdicchio et al., 2007), three levels were selected in the Preboreal interval to 
perform 14C AMS datings to better constrain the chronology of this time interval. Two of them 
(500-501 and 460-461 cm) were selected in correspondence of two peaks of the planktic species 
Globorotalia inflata. The dates were performed on planktic specimens (G. ruber or mixed planktic, 
see Table I) at the Poznan Radiocarbon Laboratory, Poland, from the size fraction >0.250 mm. The 
data were then calibrated using on-line Calib 5.0.2 Radiocarbon Calibration Program (Stuiver and 
Reimer, 1993, Stuiver et al., 2005). The ΔR (reservoir) has been calculated using two sites on the 
western side of the Adriatic selected from the Calib 5.0.2 database, from northern Adriatic (Rimini) 
and southern Adriatic (Barletta), neglecting data from Dalmatia and Croatia (Rovigne). The 
calculated weighted mean ΔR value is 135.8 with a standard deviation of 40.8. The calibrated age 
ranges are reported in cal years BP and referred to 2σ. Table I reports the 14C AMS dates and their 
respective calibrated ages. 
Tab. I 
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3.5 Oxygen stable isotopes 
 Oxygen stable isotope analyses were made on the CaCO3 of the shells of the benthic species 
Uvigerina spp (Uvigerina mediterranea + Uvigerina peregrina). Each sample included on average 
twenty-five specimens showing no signs of diagenetic alteration, selected under a binocular 
microscope from the size fraction >0.180 mm. The analyses were performed at the Istituto di 
Geoscienze e Georisorse, Pisa, by means of a dual inlet mass spectrometer (GEO 2020 Europa 
Scientific, UK). The external error of each measure is 0.10‰. The isotopic record is expressed as 
per mil (‰) deviation with respect to the international V-PDB standard with no correction for the 
ice-volume effect  
  
4. Results 
 
4.1 Pollen analysis 
 The analysis identified a total of  91 pollen types: 36 tree and shrub taxa and 55 herbs. The 
non arboreal pollen (NAP) and shrub pollen prevail from the bottom of the sequence to the core 
depth of 450 cm (Fig. 5). Pollen of aquatic and fen plants present a rather uniform presence, 
showing percentage values lower than 15% (Fig. 5). Arboreal pollen (AP, excluding Pinus) prevail 
only at the top of the sequence in the Sapropel 1a phase (Fig. 4).  
 
SA-4 zone (583-575 cm) 
The first two samples of the pollen sequence form a distinct zone. NAP and shrubs 
dominate. Chenopodiaceae, Gramineae, Compositae (Asteroideae and Cichorioideae), Cyperaceae 
and Filipendula are the prevailing herbaceous taxa, with Artemisia peaking at 21%. Among the 
arboreal taxa Quercus percentages are about 11-13%, while Picea, Juniperus type, Betula, Corylus, 
Tilia, Ulmus, Acer, Carpinus, Fraxinus, Abies, Alnus and Salix are present with few pollen grains 
(Figs. 4-5). Pinus is the dominant taxon with percentages over 50% (Fig. 3). 
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SA-3 zone (575-520 cm) 
This zone is characterized by constant slightly higher percentages of Quercus (12-20%) in 
comparison with SA-4 zone. Picea, Corylus, Betula, Alnus and Salix have been recorded with 
values around 5%. Tilia, Ulmus, Acer, Carpinus, Ostrya, Fraxinus, Abies and Fagus are present 
with values lower than 2%. At 549 cm the concurrent peaks of Juniperus (11%) and Artemisia (8%) 
occur. The prevailing herbs are Chenopodiaceae, Gramineae, Compositae, Artemisia and 
Cyperaceae (Figs. 4-5). Pinus percentages are high and relatively uniform (50-60%). Broken 
saccate pollen show the highest values of the sequence with a peak of 62% at the depth of 563 cm 
(Fig. 3).   
 
SA-2 zone (520-451 cm) 
This zone, characterized by a decreased presence of Pinus (under 50%), has been subdivided 
into two subzones (SA-2a and SA-2b). In comparison with the SA-3 zone, the SA-2b subzone (520-
475 cm) is characterized by an increased presence of Quercus robur group (13-25%) and decreasing 
percentages of Picea (less than 3%). At 519 cm Ephedra and Artemisia  peak (5 and 10%, 
respectively), followed at 513 cm by a second peak of Juniperus and Chenopodiaceae (9 and 14%, 
respectively). Some Olea, Pistacia and Vitis pollen grains are recorded at the base of the interval. 
The third peak of Juniperus (11% at 493 cm), Ephedra (3% at 493 cm) and Chenopodiaceae (16% 
at 499 cm) is recorded at 499-493 cm, together with high values of Artemisia (5% at 493 cm) and 
Compositae (13% at 499 cm).  
In the SA-2a subzone (475-451 cm) Quercus percentage is generally high (22- 32%), except 
for the depth of 463 cm (17%). The following sequence is observed: at cm 463 the peak of 
Juniperus (11%); at 459 cm concurrent peaks of Ephedra (2%), Chenopodiaceae (7%), Artemisia 
(5%) and Compositae (16%). Corylus, Tilia, Caryophyllaceae and Cyperaceae are slightly more 
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abundant than in the section beneath. Polypodiaceae and Pteridium peak at 469 cm (17%) and at 
454 cm (17%), respectively.  
 
SA-1 zone (451-393 cm) 
This zone has been subdivided into two subzones (SA-1a and SA-1b). SA1b subzone (451-
431 cm) includes only two samples, characterized by high percentage of Corylus, reaching 26% at 
443 cm. Juniperus, Ephedra, Chenopodiaceae, Artemisia and Compositae percentages decrease 
upward, while thermophilous trees and shrubs steadily increase. The group of Quercus robur 
reaches 40% and Quercus ilex type curve becomes continuous from this level upward. Among 
herbs, Apiaceae and Callitriche increase. Broken saccates and Pinus decrease, while pyrite-infilled 
grains become more common.  
Subzone SA1a (431-393 cm) shows the highest content of oaks (Quercus robur group and 
Quercus ilex type) in the study section. Tilia, Ulmus, Carpinus, Ostrya type, Fraxinus, Abies, 
Picea, Alnus and Salix percentages are generally higher with respect to SA1b. Corylus falls under 
8%. Fagus shows a continuous occurrence, Populus peaks to 2% at 423 cm. Some taxa of the 
Mediterranean flora are present (Pistacia, Olea and Tamarix gallica) with rare pollen grains. Herbs 
generally decrease except Apiaceae and Cyperaceae. Isoethes spores slightly increase. Broken 
saccate percentages are low and pyrite-infilled grain percentage does not change.  
Fig. 4  and Fig.5 
 
4.2 Foraminifera analysis  
 The results of the quantitative analysis of the foraminifera assemblages are here presented 
for the Preboreal interval (Fig. 6) and for its boundaries with the underlying Younger Dryas (GS-1) 
and the overlying Sapropel 1a phase (grey area in Fig. 2). 
The part of the GS-1 (Younger Dryas) ecozone reported in Fig. 6 is represented by a planktic 
assemblage dominated by cold water species (Globigerina quinqueloba, Globigerina bulloides and 
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Neogloboquadrina pachyderma), and it is possible to recognise the later phase, showing the slight 
increase of G. ex gr. ruber and of G. inflata, according to the ecobiostratigraphy proposed by Asioli 
et al. (1999, 2001). Globorotalia scitula is quite rare. Cassidulina laevigata carinata, associated 
with Trifarina angulosa along with Bolivina + Brizalina dominates the benthic microfauna.   
Compared to the interval below, the base of the Holocene (Preboreal ecozone) shows an 
increase of warm planktic species, such as G. ex gr. ruber, and an upward decrease of colder water 
species, such as G. quinqueloba and N. pachyderma right coiling. Temperate climate planktic 
species characterize this ecozone; Globigerinita glutinata shows two peaks, alternated by two peaks 
of G. inflata (512-490 and 467-457 cm), with common Globorotalia truncatulinoides. In detail, the 
first interval (512-490 cm) with G. inflata and G. truncatulinoides displays a lag between the 
maximum frequency of the two species, with G. inflata peaking at 510-500 cm and G. 
truncatulinoides above 490 cm. The benthic assemblage at the base of the Preboreal shows a 
reversal between C. laevigata carinata, dominating the Younger Dryas, and Brizalina dilatata. 
Bulimina marginata and Bulimina costata-inflata show a parallel trend, with low values in this 
interval and an increase upward. At last, U. mediterranea shows a slight increase at the top of this 
interval, while U. peregrina shows very low percentages, further decreasing upward. 
The Sapropel 1 ecozone (450- 390 cm) is characterised by the highest abundances of warm 
planktic species like Zeaglobigerina rubescens and G. ex gr. ruber. This latter species shows the 
common occurrence of its pink variety, characterised by a thinner test and by inflated chambers. 
The interval is represented by a benthic assemblage dominated by deep infaunal dwellers (mainly 
Globobulimina spp and Chilostomella spp). In particular, the base of the ecozone presents a level 
strongly dominated by Cassidulinoides bradyi, occurring in the same position all over the southern 
Adriatic (see also Rohling et al., 1997). This foraminifera assemblage, similar to the one already 
described in literature (Rohling et al., 1997; Capotondi et al., 1999) for the southern Adriatic, has 
been equated to the phase 1a of Sapropel 1 deposition (Minisini et al., 2006; Verdicchio et al., 
2007). 
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Fig. 6 
 
4.3. The δ18O record 
 The benthic record of Uvigerina (Fig. 7) is characterised by high values at the base of the 
sequence (3.8‰). From the base upwards, the values progressively decrease, with some 
oscillations, reaching  a minimum of 2.64‰ at 500 cm. Above this depth the composition becomes 
heavier toward the top of the study section. 
Fig. 7 
 
5. Chronology 
 
The age-depth model adopted includes five control points reported in Tab. II. In addition, we 
use the calibrated age of the top of the GS-1 proposed by Asioli et al., (1999); this boundary 
corresponds in the entire Adriatic basin to key events such as the mid-point of the first strong 
increase of warm-water species (dominated by G. ruber) and of the concurrent shift of δ18O towards 
lower values. The age calculated for the sediments between 450 and 390 cm is constrained by the 
Last Occurrence of the planktic foraminifer G. inflata at 220 cm (Fig. 2 and Verdicchio et al., 
2007), a well documented bioevent recognised in the whole Adriatic and dated at 6000 cal yr BP, 
according to Ariztegui et al., (2000). 
Tab. II 
 
6. Discussion 
 
6.1 Major vegetation changes 
According to the proposed chronology, the sequence spans 2900 years from the end of the 
Younger Dryas to Sapropel 1a (pars). Indeed, the pollen record of SA4 zone, at the bottom of the 
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sequence, shows the typical features that characterize the Younger Dryas  pollen records of Adriatic 
cores (RF93-77, zone III; PAL94-8, zone IIb; CM92-43, zone III in Lowe et al., 1996; KET82-16, 
100 cm in Rossignol-Strick, 1995): high percentage values of Pinus, of Artemisia (21 % at 579 cm), 
and relatively high values of herbs as Gramineae and Chenopodiaceae (about 11%) are 
accompanied by low Quercus percentage. Peaks of Artemisia, Ephedra and other herb pollen, as 
well as Chenopodiaceae, mark the Younger Dryas event also in some cores from the Marmara Sea 
(Mudie et al., 2002). Rossignol-Strick (1995) ascribed high values of Chenopodiaceae pollen to 
very dry conditions, observing that at present the moisture requirement for Chenopodiaceae is 100-
150 mm of annual precipitation and it is restricted to the driest, lowland belt of the European shores 
of the Mediterranean. Today high percentages (5-20%) of desert herbs/small shrubs (Artemisia, 
Chenopodiaceae, Compositae and Ephedra) in core top pollen assemblages characterize the sites 
bordering steppe and desert regions in the eastern Mediterranean (Mudie et al., 2002). The pollen 
record of SA-4 zone reflects the arid conditions of the Younger Dryas and agrees with the pollen 
records of the cited papers.  
Except for Pinus, the most abundant tree pollen type of the sequence is represented by 
Quercus robur group. In the SA-3 zone Quercus percentages are lower than 20% up to the depth of 
513 cm, from which it continuously increases. Along the SA-2 and SA-1 zones, Quercus robur 
group percentage is mostly higher than 20% and, from the depth of 433 cm to the top, it exceeds 
30%. The increasing abundance in pollen spectra of deciduous oaks is a common feature of the 
beginning of the Holocene. It is recorded in continental cores at Lake Vrana (Smidth et al., 2000), 
Lago dell’Accesa (Dreschner-Schneider et al., 2007), Lago di Mezzano (Ramrath et al., 2000), 
Lagaccione, Valle di Castiglione,  Lago di Vico, Lago di Stracciacappa (Magri, 1999; Magri and 
Sadori, 1999), Lago di Albano (Lowe et al., 1996) and Lago di Pergusa (Sadori and Narcisi, 2001). 
A general increase of Quercus between 10 kyr BP and 9 kyr BP is recorded also in the marine cores 
of the central Adriatic Sea as RF93-77, PAL 94-8, CM92-43 (Lowe et al., 1996), of the southern 
Adriatic Sea as KET82-16 and southern Ionian BAN84-09 GC (Rossignol-Strick, 1995) and also of 
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the Tyrrenian Sea as C 106 (Russo Ermolli and di Pasquale, 2002). The SA03-1 high-resolution 
record shows clear evidence of rising temperature (increase of Quercus robur group, Quercus ilex, 
Corylus) and precipitation (increase of Alnus, Salix, Fagus), that indicates the onset of the Preboreal 
biozone within the SA-3 zone. From the SA-2 zone other thermophilous trees and shrubs (Ulmus, 
Carpinus, Tilia, Corylus, Acer) show a parallel increasing trend with Quercus.  Following Prentice 
et al. (1996), Carpinus, Corylus, Tilia and Ulmus are indicative of cool-temperate summers and for 
the same taxa Peyron et al. (1998) indicate a temperature range from min -15°C to max 10°C. 
Deciduous oaks requires a temperature range of  -15°C to + 15°C (Peyron et al. 1998) and at least 
500-600 mm of precipitation (Rossignol-Strick 1995). 
Most marine sequences record a quite straight succession in pollen percentages during the 
early phases of Holocene, because of typically low sediment accumulation rates: 1) peak values of 
Chenopodiaceae and Artemisia with low values of trees (mainly Pinus) reflecting the cold and dry 
conditions of the Younger Dryas, 2) increase of Quercus, decrease of Pinus, Gramineae and of 
Artemisia to low percentages, 3) decrease of Quercus with the appearance of anthropic indicators 
and peaks of Pistacia during Sapropel 1 deposition from 9 to 6 kyr BP in KET82-16 and in 
BAN84-09 GC. Rossignol-Strick (1995) identified a biozone in the eastern Mediterranean marine 
and lake sequences in which Pistacia pollen abundance is higher than the present pollen rain values 
(7-8%), indicating a period of climatic optimum from 9 to 6 kyr BP,  with minimum winter 
temperatures above 5°C (Peyron et al., 1998) and corresponding to Boreal and early Atlantic 
chronozones. In SA03-1 Quercus percentage is steadily increasing upward and no anthropic 
indicator have been recorded.  Very few pollen grains of Pistacia have been observed 
discontinuously, between core depths of 499 cm (9800 cal yr BP) and 393 cm (8700 cal yr BP). SA-
3 and SA-2 pollen zones do not include the warm and wet Holocene climatic optimum as no change 
in the Quercus trend is recorded; therefore both pollen zones can be attributed to the Preboreal 
biozone in accordance with the age-depth model adopted.  
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In the SA-1 zone the highest percentages of Quercus robur group, Quercus ilex type, 
Corylus, Ostrya type and Olea occur. According to Peyron et al. (1998), Ostrya, Olea and 
evergreen Quercus pollen types indicate warm-temperate conditions, with minimum winter 
temperatures between –2 and +5 °C. In the same zone Fagus is recorded with a continuous curve, 
giving indication of increasing atmospheric humidity. According to Delhon and Tiébault (2005), 
Fagus requires mean annual temperature of 9°C and 1200 mm of precipitation. Therefore, the 
vegetation surrounding the Adriatic basin records unequivocally the early Holocene climatic 
improvement from the Preboreal to the Boreal. 
SA-1 zona peak of Corylus percentages at 443 cm, corresponding to 9.5 cal kyr BP 
according to the adopted age-depth model. After Huntley (1988), other Authors reported that 
Corylus expanded rapidly from the south and west of Europe, reaching peak populations at ca. 8.5 
kyr BP (Watts et al., 1996; Tinner et al., 1999; Sadori and Narcisi, 2001; Fisinger et al, 2006; 
Giardini, 2006). We suggest that the peak in SA1 interval reflects the beginning of Corylus 
expansion in the Balkanic borderlands of the south Adriatic Sea and across the eastern slopes of 
southern Italy.  
 
6.2 Short-term oscillations during the Preboreal in the terrestrial and marine proxies 
 
Beside the general trend of vegetation changes discussed above, the high sediment 
accumulation rate and the closely-spaced sampling allow detection of short-term climate 
oscillations at centennial-scale during the Preboreal. In the pollen diagrams (Figs. 4 and 5) at the 
depth of 549 cm (11.2 cal kyr BP) concurrent peaks of Juniperus, Artemisia and Compositae can be 
easily detected. At 519 cm (10.8 cal kyr BP) a second peak of Juniperus, Ephedra fragilis type, 
Artemisia, and Chenopodiaceae is recorded, in correspondence with diminished values of Quercus 
robur group, Corylus, Tilia, Acer, Gramineae, Cyperaceae, and an interruption in the record of 
Quercus ilex type. At 513 cm (10.7 cal kyr BP) some evidence of this second oscillation can still be 
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found, especially in Juniperus and Ephedra percentages, but thermophilous tree values slightly 
increase. Two additional pollen peaks of Juniperus, Artemisia, Ephedra fragilis type, 
Chenopodiaceae and Compositae are detected at 499-493 (10.6-10.5 cal kyr BP) and 463-459 cm of 
depth (10 cal kyr BP). Increasing values of pollen produced by steppe and desert herbs, represented 
by Artemisia, Compositae, Ephedra and Chenopodiaceae, are often interpreted as indicating 
recession of forest and dry climatic conditions (Huntley, 1988; Rossignol-Strick, 1995; Mudie et al., 
2002). The spread of an eurythermic conifer as Juniperus (Prentice et al., 1996) to the detriment of  
Quercus, Corylus, Ulmus and Tilia can be indicative of colder conditions, at least during winters. 
Therefore these peaks may suggest four short phases of colder and drier climatic conditions during 
the Preboreal in the southern Adriatic basin.  
The planktic foraminifera record in the uppermost part of the GS-1 interval is dominated by 
G. bulloides, N. pachyderma and G. quinqueloba, as originally suggested by Pujol and Vergnaud-
Grazzini (1995), indicating cold and productive waters. Nevertheless, the presence of G. ruber and 
G. inflata indicates that the surface water was already warming (G. ruber), while the winter season 
was characterised by vertical mixing (G. inflata). This latter evidence has been ascribed by Asioli et 
al. (2001) to a slow recovery of the  bottom water production.  
During the early phase of the Preboreal (575-515 cm, equivalent to 11.5-10.8 cal kyr BP) the 
vertical mixing almost stopped again, as suggested by the very low frequency of the two 
intermediate/deep dwelling species (G. inflata and G. truncatulinoides, respectively) requiring a 
cool and homogeneous water column (Pujol and Vergnaud-Grazzini, 1995). The surface-water 
warming increased (concurrent presence of warm species Z. rubescens and G. ruber), with a 
temporary decrease at 550-540 cm (11.0-11.2 cal kyr BP). The bottom water oxygenation was 
relatively low during this early phase, as testified by the increase of benthic species Bolivina and 
Brizalina (Jorissen, 1999). The upper part of the Preboreal (515-450 cm, equivalent to 10.7-10 cal 
kyr BP) displays a quite distinctive foraminifera record, where the high frequency of G. inflata and 
the occurrence of G. truncatulinoides indicate that the winter vertical mixing was fully re-
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established. This winter mixing becomes progressively weaker, as the frequency of the two marker 
species decreases upward toward the base of S1a interval, where any indication of vertical mixing 
disappears (Sapropel 1 interval is characterised by the absence of G. inflata and G. truncatulinoides 
in the entire Adriatic basin). Nevertheless, this trend is punctuated by a short-term oscillation 
culminating at 470 cm (or 10.2 cal kyr BP), suggesting that the vertical mixing became temporarily 
weaker. In detail, the interval between 10.4-10.7 cal kyr BP displays an intensification of the 
vertical mixing, that becomes more intense at 10.5 cal kyr BP, involving a broader part of the water 
column as testified by the peak of the deep dweller species G. truncatulinoides. The benthic 
assemblage records a progressive increase of the organic flux to the sea-floor during the upper 
phase of the Preboreal, as testified by the increase of Uvigerina, while at 10.2 cal kyr BP a very 
small increase in deep infaunal species suggests that the critical level of oxygen into the sediment 
migrated up to the sediment-water interface, according to the TROX model proposed by Jorissen et 
al. (1995). The deep infaunal species strongly increase at the base of the S1a interval, indicating 
very scarcely oxygenated bottom waters. Above this event, benthic foraminifera become very rare 
(though not absent). The temporary decrease of the winter vertical mixing at 10.2 cal kyr BP may 
indicate a first step toward the establishment of the S1a oceanographic conditions.  
Fig. 8 
Figure 8 shows a synthesis of the most representative pollen and foraminifera taxa of the 
SA03-1 Preboreal sequence, depicting at least three short-term cold and dry oscillations (grey 
stripes in Fig. 8). The second of these oscillations (10.4-10.9 cal kyr BP) includes, in turn, two 
cold/dry oscillations centred at 10.5 and 10.8 cal kyr BP, on the basis of the pollen record, as the 
foraminifera record, in particular the sum of warm species, detects only a rather weak warming 
between these two additional oscillations. These oscillations show comparable features in the 
terrestrial record (pollen), suggesting short phases characterised by similarly cold and dry 
conditions. In addition, the marine record (foraminifera) indicates that the earlier oscillation was 
characterised by a substantial stop of the winter mixing, while the subsequent two oscillations show 
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a strong winter vertical mixing. This mixing may reflect the onset or the strengthening of dense 
water production in the Adriatic. Presently, winter mixing leads to a cold and homogeneous water 
column, that is one of the main requirements for the presence of G. inflata and G. truncatulinoides 
in the modern Mediterranean (Pujol and Vergnaud-Grazzini, 1995). The peak of the eurythermic 
Juniperus likely testifies enhanced seasonal temperature contrasts in the earlier oscillation and such 
contrasts can be inferred also by increased water mass turnover recorded by the planktic 
foraminifera. G. ruber is a surface dweller growing during the late summer in warm and 
oligotrophic water and reflects a warm season with stratified waters, while G. inflata and G. 
truncatulinoides indicate winter mixing. The oldest oscillation, devoid of globorotalids, indicates 
seasonal contrasts as changes in productivity: the succession of a peak in N. pachyderma and G. 
bulloides at its base, followed upward by a peak in G. quinqueloba, suggests an increase in 
productivity concentrated initially in a deep chlorophyll maximum and  progressively shallowing 
toward surface waters. The seasonal contrast in the marine record increases during the oscillation at 
10.4-10.8 cal kyr BP and gradually decreases until its complete disappearance at the base of the S1a 
interval, consistently with the pollen record, with the near-absence of Juniperus and the increased 
frequency of thermophylous and Mediterranean taxa.  
 
6.4 Comparison with other Mediterranean records 
Few high resolution studies were carried out in the Mediterranean for the Preboreal interval.  
In the western Mediterranean (Alboran Sea and Tyrrhenian Sea) Cacho et al. (2001) and Sbaffi et 
al. (2001) detected short-term oscillations during the Early Holocene. In Fig. 8 we reported two 
alkenones-derived SST records according to the age-depth model adopted by Sbaffi et al. (2001) for 
a comparison with our results. The three main short-term oscillations detected in core SA03-1 may 
find a counterpart in the two western Mediterranean records, adopting an event-stratigraphy 
approach (Bjorck et al., 1998). In particular, in the pollen record, because of the higher resolution, 
the two oscillations recognized within the mid cold oscillation (10.5-10.9 cal kyr BP) may be 
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tentatively related to the Alboran cold oscillations at ca. 11 and 10.6 cal kyr BP (dashed lines in Fig. 
8). Moreover, the synchronism between the Adriatic and the western Mediterranean is more evident 
in the uppermost oscillations, while the earlier ones show age discrepancies of as much as 500-600 
yr for the older oscillation. If real, this diachronism may represent a delayed response of the 
Adriatic basin to short climate changes in the North Atlantic in comparison with the western 
records. However, different approaches in producing the age-depth model alter the stratigraphic 
correlation and consequently the palaeoclimatic inferences. Indeed, in the Adriatic basin (Asioli et 
al., 1999; Blockley et al., 2004) the top of the GS-1 (Younger Dryas) has been dated around 11.5 
cal kyr BP, while in Sbaffi et al. (2001) it has an age of 12.1 cal kyr BP (600 yr older). In addition, 
considered the very high correlation and synchronism between the planktic foraminifera ecozones 
of these two basins (Capotondi et al., 1999; Asioli et al, 1999; Ariztegui et al., 2000; Asioli et al., 
2001) suggesting the possibility of an atmospheric connection between the Mediterranean and the 
North Atlantic, the Tyrrenhian and the South Adriatic Preboreal oscillations may be truly 
synchronous, independently by the apparent ages of the bio-events in different cores.   
 
7. Conclusions 
 
The pollen and foraminifera records of the late Pleistocene-Holocene transition in core 
SA03-1 outline significant vegetation turnovers in the southern Adriatic basin, testifying the Early 
Holocene climatic warming.  
This sequence is one of the highest resolution records for this interval in the entire 
Mediterranean region. According to the age-depth model proposed, three short-term cold and dry 
oscillations occurred at 11.2-11, 10.8-10.4 and 10 cal. kyr BP, respectively. Adopting an event-
stratigraphy approach, the three main short-term oscillations detected in core SA03-1 may find a 
counterpart in two western Mediterranean records (Cacho et al., 2001; Sbaffi et al., 2001), 
suggesting the occurrence of likely synchronous bio-events, possibly linked to the same climatic 
events.  
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Further studies are necessary to evaluate the impact of the three Preboreal short-term 
oscillations on the entire Mediterranean basin and to extend the correlation to similar PBO 
oscillations recorded on both sides of the Nordic Seas (Bjorck et al., 1997). 
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Figure captions 
 
Fig. 1. Location map of the core SA03-1. On the right it is reported the seismic profile SA16 (chirp 
sonar profile) with the asymmetric sediment waves separated by an erosional surface reflecting 
bottom current activity (after Minisini et al., 2006 and Verdicchio et al., 2007). 
 
Fig. 2. Lithology, main foraminifera ecozones, stratigraphy and magnetic susceptibility (K, 
expressed in SI unit) of core SA03-1 (from Minisini et al. 2006 and Verdicchio et al., 2007). LO G. 
i.= Last Occurrence of Globorotalia inflata. The grey area marks the interval investigated in this 
study. The stratigraphic terminology is referred to the event stratigraphy proposed by Bjorck et al. 
(1998). 
 
Fig. 3. Conservation and pollen content during late Pleistocene-Holocene transition in southern 
Adriatic core SA03-1. Undeterminable pollen percentages of total determinable and undeterminable 
pollen (except for Pinus) and Pinus percentages of total determinable pollen (with Pinus) are shown 
on the left side of the diagram. Concentrations of determinable pollen, Pinus and of the major 
classes of undeterminable pollen grains (number of specimens per cc of dry sediment) are shown on 
the right side of the diagram. 
 
Fig. 4. Pollen diagram for southern Adriatic core SA03-1 during late Pleistocene/Holocene 
transition. Major AP taxa (percentages of all determinable pollen except for Pinus) are shown.  
 
Fig. 5. Pollen diagram for southern Adriatic core SA03-1 during late Pleistocene/Holocene 
transition. Major NAP taxa (percentages of all determinable pollen except for Pinus) and 
Pterydophyta taxa (percentages of all determinable pollen, except for Pinus, plus Pterydophyta 
spores) are shown.  
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Fig. 6. Frequency of the main species of the planktic (above) and benthic (below) foraminifera of 
core SA03-1 during late Pleistocene/Holocene transition. On the left the foraminifera concentration 
(number of specimens per gram of dry sediment) is reported. The upper and lower boundaries of the 
Pre-Boreal are marked with a dashed line. The grey area highlight the intervals characterised by the 
two peaks of G. inflata.  
 
Fig. 7. Oxygen stable isotope record of Uvigerina spp (dashed line); the solid line represents a 3-
points average smoothed curve. The upper and lower boundaries of the Pre-Boreal are also reported. 
 
Fig. 8. Synthesis of the most representative pollen taxa (percentages based on the determinable 
pollen sum excluding Pinus) and planktic foraminifera species plotted vs age. The grey areas mark 
the short-term oscillations during the pre-Boreal. On the right are also reported the alchenones SST 
records for the Western Mediterranean (after Sbaffi et al., 2001). C4 and C5 are the cold oscillations 
detected by Sbaffi et al. (2001), while in brackets (AC4, AC5 and AC6) are reported the cold 
oscillations discussed in Cacho et al. (2001).  
 
 
Table captions 
Table I. Radiocarbon datings available for the analysed cores. 
Table II.. Age-depth model adopted for core SA03-1. 
 
 
Tab. I 
 
Sample name Lab N° Age 14C Material Calibrated Age range (yr BP, 2σ) 
SA03-01 cm450-451 Poz- 16141 9080±50BP G.ruber 9472 - 9822 
SA03-01 cm460-461 Poz- 16142 9360±50BP Mixed planktic 9819 - 10202 
SA03-01 cm500-501 Poz- 16144 9860±60BP Mixed planktic 10407 - 10813 
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Tab. II 
Level (cm) Event/source Calibrated Age (yr BP) Reference 
220 LO G. inflata  6000 from Asioli et al. (1999), Ariztegui et al. (2000) 
450 Sapropel S1 base/ 14C AMS  9650±175 this study 
460 G. inflata peak 2/ 14C AMS 10010±191 this study 
500 G. inflata peak 1/ 14C AMS 10610±203 this study 
575 Top GS-1 (Younger Dryas) 11490 from Asioli et al. (1999) 
 
 
 
 
 
 
Fig. 1 
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